A new pyrrolidine derivative, 3-hydroxy-5-(hydroxymethyl)-4-(4'-hydroxyphenoxy)pyrrolidin-2-one (1), and eight known steroids, (22E,24R)-7β,8β-epoxy-3β,5α,9α-trihydroxyergosta-22-en-6-one (2, a reassigned structure of (22E,24R)-5α,6α-epoxy-3β,8β,14αtrihydroxyergosta-22-en-7-one), (22E,24R)-3β,5α,9α-trihydroxyergosta-7,22-dien-6-one (3), (22E,24R)-3β,5α-dihydroxyergosta-7,22-dien-6one (4), (22E,24R)-ergosta-7,22-dien-3β,5α,6β-triol (5), (22E,24R)-ergosta-5,22-dien-3β-ol (6), (22E,24R)-5α,8α-epidioxyergosta-6,22-dien-3β-ol (7), (22E,24R)-5α,8α-epidioxyergosta-6,9(11),22-trien-3β-ol (8), and (22E,24R)-1(10→6)-abeo-ergosta-5,7,9,22-tetraen-3α-ol (9), were isolated from the cultures of Gibberella zeae, an endophytic fungus isolated from the marine green alga Codium fragile. Their structures and relative stereochemistry were elucidated by 1D, 2D NMR and mass spectroscopic techniques. Compound 1 showed cytotoxicity against A-549 and BEL-7402 cell lines.
Gibberella zeae (anamorph Fusarium graminearum, formerly F. roseum) is a worldwide pathogenic fungus that can infect many crop plants and result in great yield losses. This species is known as a producer of trichothecenes and zearalenone mycotoxins, which cause potential threat to human health [1] [2] [3] [4] . In our ongoing investigation towards novel and bioactive compounds from algicolous fungi, an endophytic G. zeae isolated from the marine green alga Codium fragile was examined. A new pyrrolidine derivative, 3-hydroxy-5-(hydroxymethyl)-4-(4'-hydroxyphenoxy)pyrrolidin-2-one (1), and eight known steroids, (22E,24R)-7β,8β-epoxy-3β,5α,9αtrihydroxyergosta-22-en-6-one (2, a reassigned structure of (22E,24R)-5α,6α-epoxy-3β,8β,14α-trihydroxyergosta-22en-7-one) [5] , (22E,24R)-3β,5α,9α-trihydroxyergosta-7,22dien-6-one (3) [6, 7] , (22E,24R)-3β,5α-dihydroxyergosta-7,22-dien-6-one (4) [7] , (22E,24R)-ergosta-7,22-dien-3β,5α,6β-triol (5) [8] , (22E,24R)-ergosta-5,22-dien-3β-ol (6) [9] , (22E,24R)-5α,8α-epidioxyergosta-6,22-dien-3β-ol (7) [10] , (22E,24R)-5α,8α-epidioxyergosta- 6,9(11) ,22trien-3β-ol (8) [10] , and (22E,24R)-1(10→6)-abeoergosta-5,7,9,22-tetraen-3α-ol (9) [11] , were isolated and characterized from this strain. We report herein the isolation, structure elucidation, and biological activity of these compounds.
Compound 1 was obtained as colorless oil. The broad IR absorption at around 3317 cm -1 indicated the presence of hydroxyl and/or amino groups, while the UV maximum at 254 nm arose from an aromatic moiety. The HR-EI-MS (Table 1) showed two double doublets assigned to one oxygenated methylene, one doublet of double doublet, one doublet, and one singlet characteristic of three oxygenated methines, and one doublet attributed to an active proton. The 13 C and DEPT NMR spectra ( Table 1) exhibited five resonances for one oxygenated methylene, three oxygenated methines, and one upfield carbonyl carbon atom. The above NMR data corresponded to an analog of lactam [12] , which revealed that 1 should be a derivative of 3,4-dihydroxy-5-(hydroxymethyl)pyrrolidin-2-one. The remaining two doublets ascribed to four aromatic protons in 1 H NMR spectrum (Table 1 ) and six aromatic carbon resonances indicated the presence of a para-hydroxyphenoxy group, which was bonded to C-4 of NPC Natural Product Communications 2011 Vol. 6 No. 9 1243 -1246 the above subunit by the observed HMBC correlations from H-4 to C-1', C-2', and C-6' and from H-2' and H-6' to C-4. The planar structure of 1 was further corroborated by analysis of the other HMBC and 1 H-1 H COSY correlations as shown in Figure 2 . H-3, H-4, and H-5 were deduced to be located on the same face of the molecule based on their small coupling constants as shown in Table 1 .
Compound 2 showed identical 1 H and 13 C NMR data ( Table 2) with those reported for (22E,24R)-5α,6α-epoxy-3β,8β,14α-trihydroxyergosta-22-en-7-one [5] . However, the HMBC and 1 H-1 H COSY correlations as shown in Figure 2 established 2 to be (22E,24R)-7,8-epoxy-3,5,9trihydroxyergosta-22-en-6-one grossly. H-4b was axial based on the large coupling constants (12.9, 11.5 Hz), which was located on the same face with C-18, C-19, and C-20 according to the NOESY correlations between H-19/H-4b, H-18/H-19, and H-19/H-20. The α-orientation for H-3, H-4a, and H-7 was supported by the NOESY correlations between H-4a/H-3, H-7. H-14 was also α-oriented based on the NOESY correlation between H-14/H-17. The OH-5 was considered to be α-oriented for biogenetic reasons, while OH-9 was α-oriented supported by its identical 13 C NMR data with 3 [6] .
The other seven known steroids including (22E,24R)-3β,5α,9α-trihydroxyergosta-7,22-dien-6-one (3) [6, 7] , (22E,24R)-3β,5α-dihydroxyergosta-7,22-dien-6-one (4) [7] , (22E,24R)-ergosta-7,22-dien-3β,5α,6β-triol (5) [8] , (22E,24R)-ergosta-5,22-dien-3β-ol (6) [9] , (22E,24R)-5α,8α-epidioxyergosta-6,22-dien-3β-ol (7) [10] , (22E,24R)-5α,8α-epidioxyergosta- 6,9(11) ,22-trien-3β-ol (8) [10] , and (22E,24R)-1(10→6)-abeo-ergosta-5,7,9,22-tetraen-3α-ol (9) [11] were elucidated on the basis of detailed 1 H and 13 C NMR data comparison with literature values. Compound 1 was evaluated for its cytotoxic, antibacterial, and antifungal activities. The results showed that it possessed 61.8% and 17.6% inhibitory rates against A-549 and BEL-7402 tumor cell lines at 10 μM, respectively [13] . No significant activity was detected against bacteria Escherichia coli and Staphylococcus aureus and plant pathogenic fungi Colletotrichum lagenarium and Fusarium oxysporium at 30 μg/disk [14] .
Experimental
General experimental procedures: NMR spectra were recorded at 500 and 125 MHz for 1 H and 13 13 C, and DEPT) and 2D (HSQC, HMBC, 1 H-1 H COSY, and NOESY) NMR, EIMS, HREIMS, and IR spectra for compound 1 and 1D ( 1 H, 13 C, and DEPT) and 2D (HSQC, HMBC, 1 H-1 H COSY, and NOESY) NMR spectra for compound 2.
